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THE RELATIONSHIP BETWEEN OXYGE'N DEBT SIZE 
AND BLOOD pH CHANGE DURING RECOVERY FROM E.XERCISE 
ON THE BICYCLE ERGOMETER AND TREADMILL 
THESIS ABSTRACT 
by Timothy J. Falconer 
It was the purpose of this study to investigate the relationship 
of �xygen debt and blood pH change during the rec overy from �..xercise. 
For this study, ten male members of the Eastern Illi nois University 
track team were chosen as subj ects on the basis of their levels of 
physical condition. 
The subjects were tes ted on three different occas:f.ons. The first 
tes.t for all subjects was a fifteen minute rest:f.ng oxygen consumption. 
Then depending upon random selection, the subj ect s ran or1. a treadmil l and 
on another test day rode a bicycle ergomet�r, or vice versa. Preceding 
each exercise a pre-exercise micro-blood sample was taken. The subject 
ther performed the exercise to the point of perceived exhaustion. He 
then breathed into a Tissot tank for a fifteen minute r ecovery period , 
and then by a�alysis of the exp ired air, the subject's oxygen debt was 
determined. Three minutes after the c.cmple tion of the exerc ise a post-. 
exercise micro- blo od sampl e was taken. 'J.11.e pre- and post-e::cercise blood 
sa.eiples were analyzed on a pH meter. 
'the ra.nk-difference corr elation was used to find the interrelati.on-
ship between OA-ygen debts and blood pll changes, following the treadII?.i.11 
run and bicycle ergometer. ride. 
The t-test was used to find the significance of the diff e:a:ence 
between means for the pre- and post-exercise oxygen debts and blood pH 
'• 
changes, for both exercise modes. 
The investigation reveal ed no relationship between the size of 
the oxygen debt and the blood pH cha nge in the recovery from exercise. 
Nor was t here a difference in oxygen debt incurred and blood pH change 
obtained on the treadmill and the bicy cle ergometer. Both modes of 
exercise were equally effective in developing oxygen debt s and in 
causing blood pH levels to decrease. 
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CHAPTER I 
INTRODUCTION 
The need for oxygen in the recovery from exercise is evident to 
all who have participated in physical activity . This need is brought 
about by depleting energy stores and metabolic wastes accumulating in the 
muscles. The accelerated rate of oxygen consumption encountered is 
called oxygen debt . 
Another immediate effect of vigorous anaerobic exercise is the 
decrease in blood pH. This decrease in alkalinity is due to the incom­
plete breakdown of glucose and a build-up of lactic acid . Through 
buffers in the blood and purification of the blood by the kidneys the 
blood pH is gradually raised to a normal level of about 7.4. The 
increased oxygen consumption following exercise helps regulate the 
hydrogen ion concentration (pH) of the blood . 
Purpose of the Study 
The purpose of this study was to determine the relationship 
between oxygen debt and the blood pH in the recovery from exercise . The 
inability to attain a large oxygen debt has long been thought to be a 
limiting factor when performing all-out anaerobic work . The accompanying 
fall in blood pH is also of interest . Confounding this complex relation­
ship is the mode of exercise . It would be of interest to better under­
stand how oxygen debt and blood pH are effected by weight supported work 
(bicycle ergometer ) as opposed to running on the treadmill. 
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Limitations and Assumptions 
The study was limited to ten members of the Eastern Illinois 
University track team, none of whom were familiar with the treadmill or 
bicycle ergometer exercise . Though an orientation day was provided, this 
lack of experience might have affected the subjects . The investigator 
assumed that the subjects gave a maximum effort and the fifteen minute 
oxygen consumption recovery period was long enough to truly represent 
the metabolic adjustments brought about by the exercise . 
Definitions 
To promote a better understanding of the terms used in this study 
the following words are defined: 
Qxygen consumption: Oxygen consumption is the rate at which oxygen can 
be utilized . Oxygen consumption depends on the ability to take up, 
transport and deliver oxygen to the muscles . (19) 
Oxygen debt: Oxygen debt is the amount of oxygen consumed in recovery 
from exercise, over and above that which would normally be consumed at 
rest for the same t im� period . (1 9) 
pH factor: pH is the negative logarithm of the hydrogen ion concentra­
tion of a solution.(31) The scale ranges from 1 to 1 4, with 7.0 being 
neutral and a lower pH being more acidic. The range of blood pH compat­
able with life is 7 .3 to 7.5, but levels as low as 6. 8 have been 
recorded following severe exercise . Such a low pH is only temporary, 
for the buffering systems, kidneys, and the respiratory system will 
return the pH to normal levels . (19) 
CHAPTER II 
REVIEW OF RELATED L I T ERATURE 
Many studies have been conducted in the area of oxygen debt and 
blood pH. The studies presented of fer some valuable information in 
trying to understand these two important physiological parameters. 
Oxygen De�: Studies 
The concept of oxygen debt W<· Eirst used in 1922 by A. V .  Hill . 
Hill described oxygen debt as the a.r:x1·�,nt oxygen used during recovery 
from exercise above the normal amount used for that same time during 
rest . (19) 
In 1933, the oxygen debt concept was investigated further and 
broken down into two phases, la.ctacid and alactacid debt. The la.ctacid 
deb t was described as the most immediate portion of the oxygen debt . 
This portion occupies the f ir�t three minutes of the debt and its 
purpose is to run the body's systems in order to remove lactic acid so 
normal bodily functions can be resumed. The alactacid portion of the 
debt deals with the replenishing of the body's energy stores . This 
phase can take up to two days and relates to the nature of food intake . 
(19) 
Knuttgen (17) studied male and female subjects who had not been 
endurance trained. Each subject rested for 20 minutes before a resting 
oxygen consumption was determined. All exercises were performed on a 
bicycle ergometer . Gas samples were collected at one minute intervals 
3 
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during rest, exercise and recovery. Blood samples were taken from the 
fingertip following the exercises . Many conclusions were rendered from 
this study. The researcher found that lactate formed during the initial 
stages of the effort was observed to be removed if the exercise continued 
at a steady state . He found that although a portion of the debt would 
seem to be repaid by this removal, the total debt did not diminish . In 
summarizing, he stated that oxygen debt is a complex interaction of many 
factors, too complex to fit the traditional two phase concept . Depending 
on work intensity, work duration, and time of measurement, a positive 
relat ionshi p may or may not be found between blood lactate and oxygen 
debt. 
A study by DeVries (7) .concluded that the ability to develop a 
large oxygen debt has a positive relationship to athletic performance . 
DeVries stated, "when exercise is a true overload in which a steady 
state cannot be achieved, the duration of the effort is limited by the 
athlete's ability to sustain a large oxygen debt ." 
In determining oxygen debt, Karpovich (14) stated that although 
resting metabolism following exercise remained higher than pre-exercise 
levels, this has little to do with the real oxygen debt . Determination 
of oxygen debt is to be completed within an hour and a half a fter the 
exercise. The greatest portion of the debt is made up.during the first 
few minutes of recovery . 
Hermansen (10) studied the effect of motivation on oxygen debt. 
Be stated motivation played an important role in attaining maximum 
oxygen debt, judging from the fact that the greatest oxygen debts were 
recorded after important races. He also noted that one of the limiting 
factors in oxygen debt is the body's ability to take up, transport, and 
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utilize oxygen (maximum oxygen consumption) . (1 0) 
Katch and co-workers (15) studied 33 physical education majors 
to determine the oxygen cost of pulmonary ven tila tion . He determined 
oxygen consumption during ten minute bicycle ergome ter rides, at constant 
speeds and loads . He concluded that pulmonary ven tila tion requires more 
oxygen during the exercise (oxygen deficit) than for recovery . He added 
that the oxygen requirement for cardiac activity was insignificant . 
Blood pH and Lac tate S tudies 
Simply put, blood pH is a measurement of blood acidity or 
alkalinity . The average pH level of the blood ranges between 7.3 and 
7.4. Anaerobic exercise can drastically lower blood pH levels . 
Cureton (5) conducted a study on John Marshall, a middle distance 
swimmer, before and after a hard swim . His resting pH level of 7.32 
was well within the normal ranges, however one minute after the swim 
his corrected pH was 6.74. 
In a study by De Lanne and co-workers (16) on the relationship 
of lactic acid and blood pH some interesting contradic tions were obser­
ved. He reported that the lactic acid level during and immediately 
following exercise is more closely related to the in tensity than to the 
duration of the exercise, however, the pH of the blood is related to 
the intensity and the duration of the exercise . 
Karpovich (14) stated that in studying pH, the period of two to 
eight minutes following strenuous exercise is of special interest . 
During this period the high level of lactic acid remains unchanged, then 
begins to decline . 
Matthews and Fox (19) reported that respiration has an e ffect on 
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blood pH. In their s tudy they found that the rate of breathing can 
cause an immediate effect on blood pH.  The carbon dioxide in the b lood 
combines with water to fo� carbonic acid which lowers the pH of blood . 
The level of carbon dioxide affects the rate respiration, so b y  increas­
ing the rate of respiration the pH can ultimately be raised . 
Margaria ( 18) and co-workers studied the ox:ygen_deb ts and lactic 
acid production o f  two untrained subjects and one Olympic middle dis tance 
runner d�ring efforts of varying lengths . He found that lact ic acid does 
not accumulate if the exercise is of a s hort duration, however, when 
oxygen consumpt ion was not sufficient to meet the needs required by the 
intensity of the exercise (oxygen deficit) , lactic acid appears in the 
blood. The formation of  lactic acid indicated the insufficiency of 
oxidative processes and an anaerob ic state . The diffusion of lactic 
•cid into the b lood was slow, following exercise .  This lag was due to 
the circulation o f  blood and the delayed format ion following exercise .  
Cel'Tetell i  and co-workers (8) in studying the relationship b e­
tween physical fitness and post exercise lactate levels in the blood 
stated that men in the b est physical condition had the lowest amount of 
lactate in the blood . 
Brouha (6) also exhib ited this result by having subjects run on 
· a treadmill each day for 50 days • .  The results showed the subjects. 
exhibited a gradual decrease in blood lactate throughout the study, even 
when the intensity was increased after 20 days • .  
Margaris (1 8) concluded that in a conditioned athlete, no extra 
lactic acid appears in the blood during or after exercise involving an 
oxygen consumption of less than 2.5 liters . In an untrained person 
lactic acid accumulates at a level of oxygen consumption considerably 
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less than 2. 5 liters. This means physical conditioning enables an 
athlete to perform at a high level of exertion with less production of 
lactic acid, and less inhibition of physical performance. 
Knuttgen (17) found similar results when he had subj ects perform 
at four intensities on a bicycle ergometer . He found some lactic acid 
may accumulate during adj us tments at the beginning of exercise, but it 
is removed if a steady state is reached and exercise las ts long enough. 
Bis study concluded that lactic acid does not accumulate in large 
quantities until the maximum oxygen uptake is met or exceeded. 
Holmgren and Mcilroy (12) found that the greater pH changes occur 
at the highest work loads, however, pH changes were exaggerated due to 
changes in the temperature. Having subj ects work at increasing loads on 
the ergometer without rest, they took arterial blood samples. The 
investigators concluded that changes in ventilation were not explained 
by the pH changes during exercise, thus the correction for temperature 
was needed . (12) 
Osnes and Hermansen (20) studied subjects with varying degrees of 
conditioning from members of the Norwegian National Track Team to 
untrained subj ects. The subj ects performed intermittment and continuous 
maximal exercises on the b icycle ergometer and the treadmill� Micro­
blood samples were taken during the rest and recovery periods . Osnes 
found a linear relationship between b lood lactate level and b lood pH 
value . He stated that no uniform respiratory pattern existed for the 
compensation of b lood pH level, both from one subject to another and 
from one experiment to another for the same subj ect. 
SUMMARY 
A review of literature reveals little research done between 
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the relationship of oxygen deb t  and blood pH. Similar s tudies do provide 
information on several related topics of interest in this investigation . 
The related studies succeeded in setting a basis for the procedures used 
in this study . 
CHAPTER III 
METHODOLOGY 
The .procedures used in the selection of subject�, use of the 
equipment, and the collection of data are explained in this chapter . 
The Subjects 
The ten subjects used were volunteers from the Eastern Illinois 
University track team .  Members o f  the track team were selected b ecause 
it was felt their conditioning would allow them to drive themselves to 
maximum physical limits . 
The subjects ranged in age from 18 to 21 years, while they ranged 
in weight from 52.3 to 82.4 kilograms (1 pound is 2.2 kilograms ) ,  with 
the mean weight being 66.3 kilograms. The mean height was 180.l centi­
meters, and the range was from 1 69.5 to 194.9 centimeters (1 inch equals 
2.54 centiineters ) . 
Design of the S tudy 
Each subject came to the laboratory three times . The f irs t day, 
a resting oxygen consumption tes t was administered . In addition, a 
general orientation to the testing procedure� was given to each subject .  
Then, depending upon random selection, the subjects were placed in one 
of two groups. Subjects in Group T-B took the treadmill run on the 
second day followed by the bicycle ergometer ride on the third day . 
Group B-T subjects performed the same tes ts in revers ed order in an 
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attempt to eliminate any training effect . A day of rest followed each 
test. 
A pre-exercise blood sample preceded each tes t .  Following the 
all-out rides and runs a fifteen minute recovery oxygen consumption tes t 
was administered . Three minutes after the completion of the exercise, 
the post-exercise b lood sample was taken . 
Testing Procedure 
The subjects were asked to ab stain from exercise a minimum of five 
hours prior to all tests, and refrain from smoking, eating, and drinking 
at least three hours before the tests . To allow for b iological rhythms , 
subjects were tested at the same time each day . 
Qxygen Consumption 
The procedure for determining oxygen consumption was the same in 
each of the three tests . A 600 liter Tissot tank was used to collect 
the expired air . The initial volume (Vl), in the Tissot tank , was read 
from the meter s tick attached to the weighted metal bar suspended from 
the side of the tank . The subject was seated next to the tank and 
instructed to breath into a clean mouthpiece attached to an Otis­
McKerrow valve . The valve was attached to the tank by a rubber hos e .  
To insure that all expired air was collected , the subject wore nos eclips 
and the moment the subject began breathing into the tank , a stopwatch 
was s tarted to determine the length of the collection period . At the 
commands "Ready" • • • • •  "Stop", the sub ject withdrew the mouthpiece from 
his mouth, thus preventing any more air from entering the tank . 
The volume of air in the tank following the tes t (V2) , was 
recorded along with the temperature of the expired air and the barometric 
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pressure . A mixing fan on the top of the tank was turned on to eliminate 
stratification of the air inside the tank . Following twenty seconds, the 
stopcock on top of the tank was opened and a sample of the expired air 
was collected in an evacuated metalized bag. 
The oxygen consumption was determined by sub tracting the Vl read­
ing from the V2 reading. This number was then multiplied by the meter 
factor for the Tissot tank (5.158) providing the uncorrected volume of 
air moved . This volume was corrected to S tandard Temperature and 
Pressure Dry (S . T . P . D . )  via a nomogram. The volume of air was then 
divided by the minutes in the collection period so as to express the 
oxygen consumption in terms of liters per minute . 
The sample was then analyzed with Beckman Electronic Gas Analyzers. 
The Beckman LB-1 was used to determine the percent of carbon dioxide , 
and the Beckman E-2, the percent of oxygen . By use of a nomogram , the 
oxygen content was determined and then multiplied by the pulmonary 
ventilation (VE) to find the oxygen consumption . 
Resting Oxygen Consumption. This test required that the subj ect 
be seated for fifteen minutes . The subj ects height and weight were 
recorded b efore this test,  but no other activity was required . 
Post-Treadmill Run Oxygen Consumption . Oxygen consumption was 
determined fo -llowing the all-out treadmill run . The format (Appendix A) 
called for increased speed and/or grade each minute and at the point of  
perceived exhaus tion, the subj ect signaled and the treadmill was s topped. 
Immediately after the treadmill belt s topped, the subj ect sat on a chair 
that was placed on the treadmill b elt and as soon as possible the subj ect 
positioned the noseclips and mouthpiece . Simultaneously a stopwatch was 
started to document the fifteen minute recovery period . 
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Post�Bicycle Ergometer Ride Oxygen Consumption .  The all-out ride 
for.mat (Appendix B) called for increased resis tance each minute while 
the speed of pedaling remained as constant as could b e  maintained .  The 
subject stopped at the point of perceived exhaus tion and while he remain­
ed seated on the bicycle ergometer the noseclips were put on and the 
mouthpiece inserted . Simultaneously a s topwatch was started to validate 
the fifteen minute recovery period . 
Blood·sam.pling 
The change in blood pH was determined by taking pre and pos t­
exercise blood samples .  The procedures for both tests were the same . 
The finger was cleansed with alcohol and allowed to  dry . Using a 
sterilized blood lancet, a small prick was made and the escaping blood 
drawn up in a heparinized capillary tub e .  One s ide o f  the tube was then 
sealed with clay and a small metal mixing wire was inserted in the open 
end and moved b ack and forth inside the tube using a magnet . This 
technique mixed the heparin into the blood thus eliminating clotting, 
and helped remove any air bubbles that may have been trapped in the tube . 
The open end of the tube was then sealed with clay and the tube was put 
in a numbered drinking s traw and submerged in an ice-slush solution . 
Pre- and post�exercise samples were then labeled and stored in a 
refrigerator to await furt her analysis . 
The pre-exercise  samples were taken as soon as the subj ects 
arrived for the testing while the post-exercise samples were taken 
three minutes after the cessation of the treadmill run or bicycle ride . 
Following each blood sample a gauze pad and a band-aid helped s top the 
loss of additional b lood . 
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Determination o f  Blood pH 
Blood samples were analyzed using a Radiometer Micro-Blood pH 
Unit . 
Following a warm-up of two hours, the unit was calibrated . The 
unit was re-calibrated af ter a maximum of six samples had been tested . 
The capillary tubes were removed from the ice-slush solution, 
the ends sawed off and the mixing wire drawn out with a magnet .  The 
plastic t ip extension o f  the glass electrode was then inserted _in the 
end of  the capillary tube enabling the investigator to suction an 
uninterrupted, bubb leless stream from the tip to the rear ·of the elec­
trode . The tip was then placed in the KCl solution in the calomel 
electrode and the "Read" button on the pH meter was pressed . When the 
needle stopped moving, the range button for 6 . 8  to 8 . 2  was pressed for 
a more accurate reading . The pH was then recorded . 
The "Stand-by" button was then pressed, the plas t ic extension 
tip was removed from the calomel solution, and the glass electrode was 
flushed with a mixture o f  .9 percent sodium chloride and de-ionized 
water . A fifty percent solution of bleach was used to dissolve any 
clots that formed in the electrode . Following the use of the bleach 
solution, de-ionized water was suctioned through the unit and it was 
re-calibrated . This procedure was used in both the pre-and pos t­
exercise b lood sample analyses . 
Summary 
Ten members o f  the Eastern Illinois Univers ity track team were 
used in the study . A resting oxygen consumption level was determined 
for each subj ect . Then, on sub sequent test days , the subj ects ran on a 
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treadmill and rode a bicycle ergometer . The oxygen consumption of each 
sub ject following the exercise was determined, while pre- and post­
exercise  b lood samples were analyzed using micro-blood techniques . 
CHAPTER IV 
ANALYSIS OF DATA 
Ten male subj ects were s tudied to determine the relationship , 
if any, b etween oxygen debt and the change in blood pH during the re­
covery from vigorous exercise .  Each subj ect was tested o n  three differ­
ent occasions . The initial test was a resting oxygen consumption . Then 
depending on random selection, oxygen consumptions were measured follow­
ing a bicycle ergometer ride and a treadmill run . Pre- and pos t-exercise 
blood samples were taken to determine the change in b lood pH b rought 
about b y  the exercise .  The information was recorded for s tatistical 
treatment. 
Method of Recording Data 
Data were recorded on �rinted worksheets (Appendix C). These 
worksheets contained all the data that were vital in the determination of 
oxygen consumption , oxygen deb t, and pH change . A separate sheet was 
kept for each'o� the subj ects on each of the three test' days . 
StatiStical Treatment 
The data collected were recorded for s tatistical treatment . A 
.! test was used to determine the s ignificance of the differences of  mean 
oxygen debts and b lood pH changes on the treadmill , as opposed to the 
bicycle ergometer . The Rho or Rank-Difference method of correlation was 
15 
used to determine the relationships b etween oxygen deb t s  and blood pH 
changes. 
.16 
Statistical tables (1) provided information as to the s ignificance 
of the correlations and mean differences • .  The .OS level of confidence 
was chosen to denote a s tatistical difference in the s tudy.(l) 
0xygen Consumption 
The raw oxygen consumption scores for each subj ect are found in 
Appendix D. The average oxygen consumption data are revealed in Table I 
and one observes that the b icycle ergometer test created a larger oxygen 
debt (5.77 liters) than the treadmill test (5.57 liters) . 
· Blood·pn 
The raw blood pH scores for each subj ect are found in Appendix E .  
The average blood pH data is shown in Table I. The greatest average drop 
in blood pR was found following the treadmill tes t (.18 pH units) . 
Comparison of Mean Scores 
The t test was used to determine if there was a s ignificant differ­
ence between the mean oxygen deb ts ,  and mean blood pH changes for the two 
modes of exercia.e. 
Mean Qxygen Debts Treadmill vs . Bicycle Ergometer 
The mean oxygen debt developed on the bicycle ergometer test was 
5.77 liters of oxygen, while the mean oxygen deb t  for the treadmill tes t 
was 5.57. The oxygen debts on the ergometer test  ranged from 2 .339 to 
8.407 liters . The range of oxygen debts on the treadmill tes t was from 
Treadmill 
10.20 Liters 
4.634 Liters 
5.57 Liters 
7.40 Units 
7.22 Units 
.18 Units 
TABLE I 
MEAN OXYGEN CONSUMPTION AND BLOOD pH DATA 
15 Minute Post-Exercise 
Oxygen Consumption 
15 Minute Pre-Exercise 
(Resting) Oxygen Consumption 
15 Minute Oxygen Debt 
Following Vigorous Exercise 
Pre-Exercise Blood pH 
3 Minute Post-Exercise 
Blood pH 
Blood pH change as the 
result of vigorous exercise 
Bicycle Ergometer 
10.40 Liters 
4.634 Liters 
5.77 Liters 
7 .42 Units 
7.25 Units. 
.17 Units 
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3.018 to 8.371 liters. The t ratio f or the dif f erence between the means 
of the two debts was .22, indicating no significant statistical dif f erence 
existed between the means. 
Mean Oxygen Debt B. E. Mean Oxygen Debt T .M. t ratio 
S.77 S.57 .22 
Mean Blood pH Changes Bicycle Ergometer 
The mean pre-bicycle ergometer blood pH was 7.42, with a range of 
7.37 to 7.46. Following the bicycle ergometer ride the mean pH was 7. 25, 
with a range from 7.16 to 7.37. The t ratio f or the dif ference between 
means was 7.5, making the diff erence statistically signif icant at the .0 1 
level of conf idence. 
Mean pre-BE pH 
7.42 
Mean post-BE pH 
7.25 
Mean Blood pH Changes Treadmill 
t ratio 
7.5 
The mean pre-treadmill test blood pH of the subjects was 7.4, 
with a range of 7.37 to 7.46. The mean post-tread mill blood pH was 7.22 
while the range was f rom 7.17 to 7.28. The t ratio f or the difference 
between means was 9.3. This high ratio denotes a statistically 
signif icant difference at the .01 level of confidence. 
Mean pre-TM pH 
7.40 
Mean post-TM_ pH 
7.22 
Mean Blood pH Changes Treadmill vs. Bicycle Ergometer 
) 
t ratio 
9.3 
The mean pH change f or the treadmill test was .186, while the 
mean change for the bicycle ergometer was . 171. The range f or pH changes 
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for the treadmill exercise was f rom .125 to .29. The range of, blood pH 
change f or the bicycle ergometer test was from .03 to .332. The t ratio 
for the difference between the two mean changes was .47. This low t 
ratio indicated that f or the purposes of this study there was no statis­
tically significant diff erence between the mean blood pH change on the 
treadmill test and the mean change f or the bicycle ergometer test. 
Mean pH Change f or TM 
.186 
Mean pH Change f or BE 
.171 
Correlations 
t ratio 
.47 
Figure 1 reveals the intercorrelations performed in this study. 
The correlation between oxygen debt and blood pH change for the tread­
mill run was a slight one. The correlation was + .43 which was (not 
statistically signif icant at the .OS level of confidence). A visual 
representation of this relationship is shown in the scattergram (Figure 2). 
The correlation f or the oxygen debt and blood pH change on the 
bicycle ergometer was also a very slight one. The correlation was + .25, 
which was not statistically signif icant. A scattergram (Figure 3) is 
used to display the results of this correlation. 
The correlation between oxygen debts f or the treadmill and the 
bicyCle ergometer was a very high one. The correlation was .93 showing 
a very strong relationship between oxygen debts f or the two exercises 
which was statistically significant. Figure 4 shows the relationship. 
The correlation between blood pH change on the treadmill test 
and the bicycle ergometer test was considerably less than was expected. 
The correlation was + .31 which was not statistically signif icant. This 
relationship f or the two variables is shown in Figure 5. 
02 DEBT 
BICYCLE ERGOMETER TEST 
+ . 25 
BLOOD pH CHANGE 
BICYCLE ERGOMETER TEST 
.... ... ______ , +. 93 
� +.31 .... 
--------------t.- OXYGEN DEBT 
TREADMILL TEST 
+.43 
-------------· .... BLOOD pH CHANGE 
TREADMILL TEST 
FIGURE 1 
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CORRELATION 0F OXYGEN DEBT AND BLOOD pH CHANGE FOR BICYCLE ERGOMETER TEST 
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Discussion of Findings 
Relative to oxygen debts developed by champion athletes in excess -
of 20 liters of oxygen, the oxygen debts reported in this study were 
small. This could have been due to the aerobic training of the athletes 
and their ability to perform the tests aerobically thus developing 
relatively small oxygen debts. In addition the 15  minute recovery may 
have been insufficient time to adequately represent the oxygen debt 
incurred. 
Mean Comparison. The mean oxygen debt for the bicycle ergometer 
test was not statistically different than the treadmill test. This was 
surprising when considering the mode of exercise by which the debts were 
obtained. The bicycle ergometer, being a weight supported exercise 
would be thought to be much less taxing than the treadmill run. The 
subjects, however, were runners and perhaps could perform that activity 
with much more efficiency than a less familiar type of exercise, such as, 
the bicycle ergometer ride, accounting f or the difference in mean oxygen 
d eb�s. 
In regards to blood pH, both modes of exercise rendered signi­
ficant changes in blood pH. This would be expected following the vigor­
ous exercise that both the bicycle ergometer a�d treadmill provided. 
The comparison of the blood pH changes for the two modes of 
exercise showed no significant difference either. This could be expect­
ed when relating both oxygen debt and blood pH, and the similarity be­
tween oxygen debts f or the two tests. 
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Correlations. The correlation of oxygen deb t  and blood pH for 
the treadmill tes t  and the b icycle ergometer test were low enough to 
suggest that no s tatis tical s ignificance exists . Had a larger sample 
been taken and similar results ob tained , the relationship may have been 
found , but with only ten subj ects no s tatis tically significant relation­
ship was found. 
The high correlation of oxygen deb ts of the treadmill tes t and 
bicycle ergometer tes t sugges ts a s tatis tically significant relationship 
between the two .  Similar analysis of blood pH changes for the two 
modes of  exercise rendered quite different results • 
. The correlation of blood pH change for the treadmill tes t and 
bicycle ergometer tes t was low enough to sugges t no s tatistically 
significant relationship b etween the two . Again, had a larger sample 
been taken , and similar results obtained , this relationship would have 
been significant . 
CHAPTER V 
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 
Summary 
It was the purpose of this study to investigate the relationship 
o.f oxygen debt and blood pH change during the recovery from exercise. 
For the study, ten male members of the Eastern Illinois Universi�y 
track team were chosen as subjects on the basis of their levels of 
physical condition. 
The subjects were tested on three different occasions. The first 
test for all subjects was a fifteen minute resting oxygen consumption. 
Then depending upon random selection, the subjects either ran on a 
treadmill and on another test day rode a bicycle, or vice versa. Pre­
ceding each exercise a pre-exercise micro-blood sample was taken. The 
subject then performed the exercise to the point of perceived exhaustion 
and breathed into a Tissot tank for a fifteen minute recovery period. 
Electronic expired air analysis allowed oxy�en consumpt�ons.to be deter­
mined. Three minutes after the completion of the exercise a post­
exercise micro-blood sample was taken. The pre- .and post-exercise blood 
samples were analyzed on a pH meter. 
The rank-difference correlation method was used to find the 
interrelationship between oxygen debts and blood pH changes, following 
the treadmill run and bicycle ergometer ride. 
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The t-test was used to find the significance of the difference 
between means for the pre- and post-exercise oxygen debts and blood pH 
changes, for both exercise modes. 
Conclusions 
Based on the findings of this study the following conclusions 
seem warranted. 
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There is no significant relationship between the magnitude of the 
oxygen debt and blood pH change in the recovery from exercise. 
There is no significant difference in oxygen debt incurred and 
the blood pH change obtained on the. treadmill and the bicycle ergometer.· 
Both modes of exercise are equally effective in developing oxygen debts 
and in causing blood pH levels to decrease. 
Recommendations for Further Study 
The following recommendations are made as a result of this study. 
It would be interesting to investigate the relationship of maximum 
oxygen consumption and the ability to develop a large oxygen debt. 
A similar study could be undertaken to investigate the relation­
ship between maximum oxygen consumption and the ability to withstand a 
significant decrease in blood pH. 
Perhaps of greatest interest would be a study investigating the 
relationship of oxygen debt and blood pH change in untrained objects as 
opposed to the oxygen debt and blood pH change in trained subjects, and 
perhaps employ a longer oxygen debt recovery time. 
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MINUTE 
0-1 
1-2 
2-3 
3-4 
4-5 
5-6 
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APPENDIX A 
FORMAT FOR THE BICYCLE ERGOMETER RIDE 
LOAD SPEED 
2 Kilo-pounds 35 Kilometers per hour 
2 . 5  Kilo-pounds 35 Kilometers per hour 
3 Kilo-pounds 35 Kilometers per hour 
3 . 5 Kilo-pounds 35 Kilometers per hour 
4 Kilo-pounds 35 Kilometers per ho1ir 
Continue at same load and speed until exhaus tion 
MINUTE 
0-1 
1-2 
2-3 
3-·4 
4-5 
5-6 
6-7 
7-8 
8-9 
3 2  
APPENDIX B 
FORMAT FOR THE TREADMILL RUN 
GRADE SPEED 
0 8 miles per hour 
8 . 6% 8 miles per hour 
8 . 6% 10 miles per hour 
8 . 6% 10 miles per hour 
8 . 6% 10 miles per hour 
8 . 6% 1 1  miles per hour 
8 . 6% 12 miles per hour 
8 . 6% 1 3  miles per hour 
Continue at same g rade and speed to exhaustion 
APPENDIX C 
Name Ht. ------
Wt. ------
Activity 
------------� 
Vz -------
V1 -------
1 5  minutes -------
temp. 
corrected STPD ----------
x 5 . 158 meter factor ---------
�E liters in 15 minutes (STPD) -------
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Date --------
Time --------
x 
_______ , 
True Oz (. ____ + __ .) nomogram 
Oz COz 
V 2 recovery time --------
. 
Vo - ·2 15 minutes resting 
-----�-----
Oxygen debt -------
Pre-_exercise blood pH -----
Post-exercise blood pH ------
Difference in blood pH -----
APPENDIX D 
OXYGEN CONSUMPTION DATA 
Res ting Pos t-BE 
Subj ect Weight (Kg) VOL_ vo2 
B . N .  74 . 1  4 . 082 L 1 2 . 44 1  L 
G . S 52 . 3  2 . 788  7 . 402 
R. H .  8 2 . 6  4 . 892  1 2 . 53 1  
P . S .  69 . 3  4 . 739 9 . 9 25 
M . P .  6 3 . 4  5 .  7 29 8 . 068 
L . D .  70 . 4  4 . 842  1 1 . 82 3  
J . D .  56 . 6  5 . 042 9 . 66 1  
M . M .  69 . 5  4 . 888 1 3 . 295  
D . F .  60 . 4  4 .  7 1 2  8 . 5 1 2  
R . W . * 55 . 0* 4 . 985* 1 2 . 108* 
* Not included in s t atis tical treatment . ( S ee Appendix F) 
Po.:: t-BE Pos t•Tr1 
02 Deb t vo2 
8 . 358 L 1 2 . 454 
'• · 6 1 4  7 . 009 
7 . 639 1 2 . 1 2 7  
5 . 186  9 .  7 16 
2 . 339 8 . 748 
6 . 9 8 2  1 1 . 024 
4 . 6 19 9 . 889 
8 . 40 7  1 1 . 56 7  
3 . 7 9 9  9 . 322  
7 . 123*  7 . 9 33* 
Poe t-TM 
02 Deb t 
8 . 3 7 1  
4 . 220 
7 . 235  
4 . 9 7 7  
3 . 0 1 8  
6 . 182  
4 . 846 
6 . 6 7 9  
4 . 6 10 
2 . 948* 
w ·  
"'-' 
APPENDIX E 
BLOOD pH DATA 
3 Min . 
Pre-Bicycle Pos t-Bic�cle pH Change 
Subj ect pH pH pH 
B.N . 7 . 4 20 7 . 245 . 1 7 5  
G . S .  7 . 405 7 . 3 10  . 09 5  
R . H . 7 . 400 7 . 370 . 030 
P . S . 7 . 440 7 . 290  . 1 50 
M .P .  7 . 400 7 . 250 . 150  
L . D .  7 .  490 ' 7 . 158 . 33 2  
J . D .  4 . 370 7 . 190  . 180 
M.M.  7 . 405 7 . 1 80 . 225  
D . F . 7 . 460 7 . 260 . 200 
R . W . * 7 .  4 10*: 7 . 240* . 1 70* 
* No t included in s tatis t ical analyses . (See Appendix F) 
3 Min. 
· Pre-Treadmill Pos t-Treadmill 
pH pH 
7 . 4 1 8  7 . 250 
7 . 37 5  7 . 250 
7 . 460 7 . 170  
7 . 400 7 . 240 
7 . 380 7 . 2 1 0  
7 � 380 7 . 190 
7 . 370 7 . 190 
7 . 430 7 .  2 10 . 
7 . 450 7 . 280 
7 . 4 1 0* 7 . 1 20* 
pH Change 
Treadmill 
. 168  
. 1 25 
. 290  
. 160 
. 1 70 
. 190  
. 180 
. 220 
. 1 70 
. 290* 
w Vt 
3 6 
In one instance on the treadmill ,  subj ect R .  W .  moved over 
480 liters of air in only 10 minutes . Analysis of his expired air 
shm�ed that his true o2 was very low. Tii s means that although he 
moved a large amount of  air , he incurred a very small oxygen deb t . A 
look at his blood pH lead the investigator to believe that the subj ect 
entered a s tate of hyperventilation . This could be related to the 
subj ects inexperience on the treadmill , or the fact that his event 
in track was an anaerobic event and his training did not adequately 
prepare him for this type of experience . Whatever the reason , his 
data was so  abnormal that it was not used in the s tatis tical treat­
ment . 
